In this paper we present a model for the spontaneous breaking of parity with two Higgs doublets and two neutral singlets. The condition υ R ≫ υ L can be satisfied with out introducing bidoublets. Examples of left-right symmetric grand unified models with singlets and doublets Higgs fields are discussed.
Left-right symmetric models with spontaneous parity breaking offer a natural explanation for the parity asymmetry observed in nature. The gauge group SU(2) L ⊗ SU(2) R ⊗ U(1) B−L fixes the interactions and generalizes the standard electroweak theory. However the fundamental fermionic representation and the Higgs sector are not completely determined. For the fermions one can have two possibilities: new right-handed doublets, as in the earlier models [1] , or new mirror fermions [2, 3] . The Higgs sector has more possibilities and introduces more unknown parameters in the model. It is highly desirable to have the minimum number of unknown parameters in order to compare models and experimental data. A recent work in this direction was done by Brahmachari, Ma and Sarkar [4] . With two Higgs doublets, χ R and χ L , and a dimension five operator they have proposed a left-right model including fermion masses. Another mirror model with two Higgs doublets and two Higgs singlets was developed in ref. 3 . In both cases the condition
must be satisfied. The present experimental bound is υ R > 30 υ L [3] . Later on, Siringo [5] revived an earlier remark by Senjanovic and Mohapatra [6] that the above condition can not be satisfied in models with only two Higgs doublets. These remarks seems to leave open the possibility that only scalar bidoublets could break parity in a consistent way. This possibility exists but has the unpleasant feature of a large number of Higgs fields and undetermined parameters. In this Letter we will consider again the question of the minimum content of Higgs fields that can break parity spontaneously. Our starting point is a model with two Higgs doublets,χ R and χ L and two neutral Higgs singlets φ R and φ L , connected by a parity transformation
and
The Yukawa potential for these fields is given by
The minimum conditions for χ † L and χ † R can be satisfied by the single equation (besides the trivial zero solutions for the vacuum)
In a similar way, for the minimum of the singlets φ †
The net result is that the minimum conditions do not completely determine the four vacuum values for the Higgs fields χ L ; χ R ; φ L ; φ R . From the physical point of view, all we need is to fix the singlet sector and recover a consistent solution for the doublet sector. If we call ∆ = α 2 − 4λc, then a possible solution for the vacuum is
One can then easily verify that we have a minimum for this solution if the following conditions are satisfied: In order to find some more general frames for new Higgs doublets and singlets we turn our attention to some grand unification examples. They are not unique but show important consequences of the model proposed in this paper. The fermionic content of left-right symmetric models are of two different types. One can start with a new right-handed doublet that must be broken to the standard model right-handed singlets. We call these approaches the symmetric left-right models ( L-R ). The other option is to start with new fermions with the opposite parity relative to the standard model fermionic content. We call this possibility the mirror models.
There is GUT context to embed the symmetric L-R model which is based on SO(10) trough its maximal sub-group as done by the Pati-Salam [7] approach
The group chain is given by
We denote
The quantum numbers for the Higgs representation that produces the pattern (8) are given in the Table 1 . Table 1 S 1, 1,0) , 1, 1, 0) ,
Higgs representation that produce the breaking chain (8).
Our notation is as follows: the representations between { } correspond to SO (10) , [ ] to G P S and those with ( ) correspond to
The corresponding hypercharges are given by
The left-handed ordinary fermions are contained in
As described in reference [7] this symmetric L-R model with two-singlets and two-doublets plus one singlet fermion {1} ∼ [1, 1, 1] may produce Dirac and Majorana mass terms for fermions from dimension-5 effective operators. Due to absence of bidoublets the mass for charged fermions as quarks u and d come from one-loop corrections. To produce dimension-5 effective operators generating masses for charged leptons it is necessary to introduce the additional fermions: N L,R = (1, 1, 1,0 
In the L -R model with mirror fermions, the particle content is described in Table 2 . Table 2 Ordinary fermions Mirror fermions
Content of ordinary leptons with its mirror partners and its quantum numbers under
Some points should be observed. First, as SU (3) (2)⊗U (1) X is a maximal sub-group of SU (7) and we can assume SU(2) to have the right chirality SU(2) R .
A second point is that the mass terms of leptons l L χ L e R require Higgs representations χ L ∼ (1, 2, 1,1 ) . Similarly the mass terms of the mirror part- (1, 1, 1, 0) . Now, let us search for the representations of χ L,R , S D and S M in the SU(7) context [9] . The multiplet fermions are in the anomaly free combination [10] {1} ⊕ {7} ⊕ {21} ⊕ {35} corresponding to the spinor representation 64 of SO(14) into which SU (7) is embedded. Let us note that 64 can contain two families of ordinary fermions with its respective mirror partners, for example the electron and muon families. The other two families can be incorpored into other 64 spinorial representation. The branching rules for each component of the spinorial representation, under its sub-group SU(5) ⊗ SU(2) R , are [11] : 1, 1, −2)⊕(3, 1, 1, 4/3)⊕(3, 2, 1, 1/3)⊕(1, 1, 2, −1 
Let us consider only one family (the electron) together with its mirror partners. We take:
For quarks
The mirror partners are
For mirror quarks
From the branching rules (12), we take χ L ∼ {7 * } ⊃ (1, 2, 1,1), χ R ∼ {21 * } ⊃ (1, 1, 2,1), (21) S D ∼ {21} ⊃ (1, 1, 1,0) , S M ∼ {1} ∼ (1, 1, 1,0) .
Finally we can have the following breaking chain with two singlets and two doublets Higgs representations:
In conclusion we have shown that parity can be spontaneously broken by a simple Higgs sector with two doublets and two singlets. The grand unified sector that contains this possibility is more restricted than other scenarios. One of the new proposed singlets can have a breaking scale not very far from the Fermi scale. A similar conclusion was recently found in a different approach for two doublets models [12] .
